Objective. Inventory one medical school's first-and second-year pain-related curriculum in order to explore opportunities to teach about pain both as a social, population-based process and as a neuroncentered phenomenon.
Introduction
Pain is one of the most common patient complaints in both outpatient and inpatient practice. Pain is increasingly considered a public health problem because of its wide prevalence, economic and social burden, association with issues of access and social justice, and the possibility of prevention or at least amelioration by preemptive management during illness or surgery [1] . According to a 2011 monograph published by the Institute of Medicine (IOM), 100 million Americans suffer from pain and as a nation the United States spends $600 billion dollars on direct and indirect costs of chronic pain annually [2] . This cost rises significantly if we include the burden of acute pain and cancer-related pain [3] . Similar figures for prevalence and societal (including economic) burden of chronic pain have been reported from many developed nations [2] . Students must therefore be trained in the art and science of assessing, diagnosing, and managing pain [4, 5] .
Despite its importance, pain management is underemphasized in North American medical school education. The IOM monograph explicitly voiced its concern about deficiencies of the current pain curriculum: "Despite the large role that care of patients with pain will play in their daily practice, many health professionals, especially the physicians, appear underprepared for and uncomfortable with carrying out this aspect of their work" [6] . An assessment of other health professionals' curricula, such as dental and veterinary students, demonstrates more prelicensure focus on pain than that found in medical education [7] . Furthermore, medical professionals in practice have observed insufficient preparation in pain management in prelicensure students. Interestingly, this shortfall involves clinical competencies rather than knowledge of the basic sciences [8] .
Such competencies include not only the practical aspects of pain assessment and management such as treatment algorithms, but also the relational aspects of pain such as empathetic and compassionate interviewing [5] . Murinson and colleagues illustrated the importance of the latter competencies through a survey of pain medicine leadership within the Student Education Subcommittee of the American Academy of Pain Medicine [9] . Experts in the field of pain medicine ranked the following as the five most important aspects of pain education: "Awareness of acute and chronic pain, skillfulness in clinical appraisal, promotion of compassionate practices, displaying empathy toward the patient, and knowledge of terms and definitions for substance abuse."
Educators worldwide are working to address these shortfalls in pain management education. For example, the International Association for the Study of Pain periodically updates a set of core curricula to be used by health professionals in training and in practice. A Canadian health professional faculty collaborated to integrate such curricula and to deliver pain education interprofessionally; as a result, the students demonstrated improved outcomes in their knowledge and beliefs about pain [7, 8] .
Led by Murinson, a group at Johns Hopkins medical school supplemented core knowledge about nociceptive and analgesic mechanisms, assessed by conventional standardized testing, with "socio-emotional" exercises conducted in small groups [10] . These latter activities consisted of written narrative assessment of personal affective responses to nociceptive testing, reflection and discussion on the role of empathy and compassion in medicine, and discussions with pain experts. Pre-and post-testing indicated that the students not only acquired factual knowledge but also grew in their awareness of the depth of suffering experienced by patients in pain. Others have attempted to map pain management competencies into prelicensure curricula [11] .
Efforts such as the above are important in creating a model of pain education that conveys the complex, multifaceted nature of pain as experienced by the individual. Pain and education about pain differ from many other biomedical topics in that the fundamental phenomenon studied is an intersubjective one. The social experience of pain is based upon on our ability to empathize and to expect empathy from others [12] , as well as the cultural and social implications of pain [13] . Psychological context [14] and social relationships [15] play an important role in how persons experience pain and respond to it, from adaptive coping and successful rehabilitation to passive or dysfunctional responses including withdrawing from activities, medication seeking and requesting disability, or suicide.
In recent years, pain research and education have increasingly emphasized the social aspects of pain. Two of the authors (DBC, YSB) have proposed supplementing the traditional biomedical model of pain with one that employs a "top-down" presentation that considers pain to be a population-based and social phenomenon [16] . We believe the latter model (which we have termed "sociopsychobiological") may facilitate students' viewing pain in a fashion consistent with the World Health Organization model of the social determinants of health [17] . This perspective might better equip them to assess and manage pain in an effective (not to speak of a more compassionate and empathetic) manner. The value of concurrent bottom-up and top-down models is well established, for example, in the physical sciences [18] .
We hypothesized that our institution's first-and secondyear medical school curriculum would follow a conventional biomedical approach and place greater emphasis upon microscale cellular processes such as the generation of action potentials by nociceptive neurons, compared with more patient-and family-centered processes such as the impact of role loss and social exclusion. The first step in exploring opportunities to test this or other curriculum-linked hypotheses (for example, the possible presence of educational gaps) within individual schools is to inventory the curricular content of each. We herein present the results of a detailed inventory of pain-related curricular content in the first and second of our institution's medical school curriculum.
Methods
We tested our hypothesis by applying the first two steps of the six-step Kern model of medical curricular development [19] : 1) problem identification/general needs assessment and 2) targeted needs assessment (see below). Our initial step in doing so was to perform a detailed inventory. A companion manuscript [20] describes a collaboration with students enrolled in a novel medical education elective that addresses the third and fourth steps in the Kern model: 3) establishing curricular goals and measurable objectives and 4) developing educational strategies. These later steps employed a studentfaculty collaboration to develop a reorganized curriculum based on the curriculum inventory presented in the present paper, plus a needs assessment survey administered to graduating medical senior medical students. As Kern et al. have noted, medical curricular development does not always progress in a sequential, linear fashion across these phases; at times two or more steps may occur concurrently. This was the case with our effort; we present separate steps for the sake of narrative clarity.
Step 1: Problem Identification and General Needs Assessment
Citing general background information on the pervasiveness of shortfalls in medical student education about pain such as presented above in the Introduction, we initiated exploratory, informal discussions with members of the institution's Curriculum Committee about emerging advances in pain-related medical education. We were encouraged to submit a proposal for intramural funds dedicated to supporting innovation in education. Our subsequent proposal reviewed the published literature including governmental and professional societies' reports on the need to improve pain education for medical students. Upon receiving institutional pilot funding, we recruited medical and graduate students, whose specific contributions are described below.
Step 2: Targeted Needs Assessment Post-award feedback from members of the Curriculum Committee about the significance of teaching pain through a coherent longitudinal framework confirmed their openness to changing the pain-related curriculum. The committee's main reservation was the lack of time available for any additional contact hours within an already full curriculum. This concern was well justified; education literature has long documented that with the time constraints that medical education already faces, enlarging the curriculum poses a dilemma [2, [4] [5] [6] [7] [8] 21] . Thus, we approached subsequent phases of the project with the intent of leaving unchanged the total number of contact hours in which pain is currently presented, albeit in a fragmented manner.
Our initial needs assessment included early efforts from a concurrent yet distinct project to increase palliative care training in our medical school's curriculum. This palliative care project included production of an initial inventory of curricular content in palliative care, some of which content involved pain-related topics. To extend this initial survey, a graduate student (BM) earning a Master's degree in biomedical sciences and a secondyear medical student (RAL) undertook a more detailed content analysis. This analysis began with how often the term "pain" and selected pain-related terms appeared in searchable PowerPoint text within the learning management system supporting all lectures in all courses during years 1 and 2, that is, the preclinical medical curriculum. The pain-related terms we chose were analgesia/analgesic, nociception/nociceptor, nonsteroidal/NSAID, opioid/opiates.
We performed a content analysis [22] of the curriculum by identifying instances in which these terms appeared within the searchable PowerPoint presentation files for the lectures. To determine how frequently and in which portions of the curriculum pain-related concepts and issues were addressed, we tabulated this information chronologically by "Integrated Unit" (cluster of integrated core courses) and within-unit courses. We did so for "pain" alone, as well as for "pain" plus representative pain-related terms. After an instance of a search term was logged, it was analyzed to determine the meaning of the term in the context of the lecture. We recorded what the search term addressed in that lecture, for example, "pain as a symptom of rheumatoid arthritis" or "NSAID use in a clinical vignette of endometriosis." The term "discussion" was used to indicate multiple uses of one search term within a thematically related piece of content. For example, "discussion of pain control in minority vs white populations" could include two or more related instances of the word "pain."
All identified instances of the search term "pain" were further classified. Many instances of "pain" simply described pain as either a symptom of a condition, for example, "pain as a symptom of pancreatitis" or as part of the clinical presentation, for example, "pain in a clinical vignette of pancreatitis." These instances were designated as "diagnostic," that is, classified as part of the diagnostic process or clinical manifestation of a specific disease. While obviously important in medical education, they did not contribute meaningfully to conversation about the nature of pain, describe pain as a disease entity per se, or analyze the experience of pain by the sufferer. The latter instances were designated as "substantive" in that pain was explored beyond simply identifying it as a symptom. Substantive occurrences of the term "pain" were further classified as emphasizing either a biological (ion channels, mechanism of analgesic action, drug pharmacokinetics, etc.) or social/psychological focus (risk factors, disparities, social perspectives, family and psychological dynamics, etc.). Discussions, those areas of the curriculum most search term-laden, were likewise classified in this way.
Results
As a framework for interpretation of the results, Figure 1 provides a schematic of Tufts' preclinical medical curriculum across years 1 and 2.
Content Analysis
The initial terms used to query the representation of pain in the TUSM curriculum resulted in 660 instances of the terms. Table 1 shows the number of appearances of each search term over the entire preclinical curriculum. Of the 660 total instances, "pain" was by far the most common term, with 505 instances (76.5%) of the word appearing in the curriculum. "Nonsteroidal/NSAID" was the next most common with 72 instances (10.9%), followed by "opioid/opiates" with 38 instances (5.8%), "analgesia/analgesic" with 28 instances (4.2%), "nociceptor/nociception" with 10 instances (1.5%), and finally "claudication" with seven instances (1.1%).
Instances of pain topics were further categorized based on where they occurred within the TUSM curriculum. Table 2 shows the breakdown of search terms by the preclinical year, integrated units of the curriculum, and subjects. Slightly more instances of pain and painrelated terms were found in year 2 than year 1. Year 1 of the curriculum, comprising integrated units Medical 4%) . Eleven of the 26 subjects surveyed contained fewer than 10 instances of the search terms.
As pain was the most common search term identified, a further analysis examined instances of "pain" by subject, section, and the applied substantive/diagnostic classification. Table 3 illustrates the further breakdown and analysis of the appearances of the search term "pain" in the curriculum. The column "Number of Instances of Pain" represents the tally of the "pain" search term-the tabulations by section generally follow In contrast to Table 3 , which tabulated appearances of pain-related search terms, Table 4 presents the distribution solely of "substantive" instances of the use of the word "pain" across the core curricular integrated units. In Table 4 , the column "Substantive Instances of Pain" excludes all the instances where "pain" appeared solely as a descriptor, most frequently as a symptom of a condition or disease, for example, "pain as a symptom of pancreatitis." The classification "substantive" also excluded pain appearing as a symptom in a clinical vignette, for example, "pain in a clinical vignette of pancreatitis." One hundred seventeen instances of "pain" (23.2%) were thereby classified as substantive. Notably, only 20 instances of "pain" (13.4%) were classified as substantive in Health to Disease II; 28 (27.2%) were thus classified in Clinical Anatomy, and seven (11.9%) in Reproductive. There were no instances of pain that were classified as substantive in Microbiology and Infectious Disease. Scientific Foundations of Social and Behavioral Medicine had a high proportion of terms classified as substantive, at 13 (61.9%), as did Principles of Addiction Medicine (91.7%). Table 5 classifies the substantive instances of the appearance of the word "pain" shown in Table 4 , according to the nature of each topic addressed. The "Biological" column represents the number of substantive instances of "pain" addressing a biological topic, while the "Social/Psychological" column represents social or psychological topics. Medical Foundations 2 had the highest number of instances of "pain" addressing biological topics at 37 (42.0%), followed by "The Brain" at 18 (20.5%). Foundations of Patient Care and Health to Disease I had the lowest, with two (2.3%) and five (2.5%) instances, respectively. Conversely, 29 of the 117 classified instances of "pain" were thus categorized as social or psychological, with the largest number in Foundations of Patient Care at 11 (37.9%) and The Brain at 8 (27.6%), while Medical Foundations 2 and Health to Disease I had no instances addressing either of those topics.
Discussions, the areas of the curriculum where more than one instance of a search term was employed in relation to a general topic, are presented in Table 6 . Of the 44 discussions found, 34 (77.2%) discussed biological topics, while 10 (22.7%) addressed social or psychological topics. Three integrated units lacked any Tables 4 and 5 . In aggregate, our detailed content review disclosed no underlying, consistent presentation of pain as a disease entity per se throughout the preclinical curriculum.
Discussion
After long-term neglect in the undergraduate medical curriculum, pain has recently received increasing attention, in part as health care in general has adopted a more patient-centered perspective that assigns greater importance to the patient experience. In the past decade, there have appeared descriptions of existing [7, 8] and aspirational [9] curricula; consensus efforts to map these into interprofessional clinical competencies [5, 11] ; and innovative educational programs that have presented pain-related content to medical students in a format that, in the words of Murinson, "integrat[es] core curriculum knowledge with emotional and reflective development" [10] . Accordingly, the 2011 Institute of Medicine report [2] devoted considerable attention to the importance of educational reform for health care professionals, and the draft 2015 National Pain Strategy provided a series of specific goals for pain-related education of health care professionals as well as the public [23] .
A key organizing principle absent from many proposals for the reform of pain-related curricula is the desirability of framing pain both as a "bottom-up" biomedical process driven by nociception-the innermost circle within the iconic Loeser "onion" model of pain-as well as a "top-down" process shaped by social and cultural forces [13, 16, 24] . The latter view resonates fully with the World Health Organization model of the social determinants of health in assigning vital importance to social and population-based factors underlying [25] the individual's and his or her social network's experience, report, and response to pain. The efforts of public health practitioners, for example, to assure access to preventive measures such as vaccinations or antismoking campaigns, tend to be population-based, while those of preclinical scientists tend to address mechanisms at the microscopic level, for example, to better understand targets for novel anti-infectious or antitumor drugs. Physician education, especially pain-related education, can best prepare students for the reality of everyday practice by balancing biomedical content with social, patient-centered perspectives. The overall goal of our multiyear project is to explore the feasibility of altering the curriculum of one medical school so as to better present pain from both perspectives. Our initial steps reported herein involved a literature review and a targeted needs assessment based upon a detailed inventory of the preclinical (years 1-2) medical school curriculum. As hypothesized, our detailed content analysis of preclinical PowerPoint searchable text disclosed an early emphasis on nociceptive transduction and signaling mechanisms followed by minimal attention to the social and multidimensional nature of pain. Overall, pain-particularly chronic painwas presented as a symptom of other conditions rather than as a disease entity per se [26, 27] . Further, in assessing the frequency of pain discussed as a disease entity per se, there was a bias toward presenting chronic pain together with drug abuse and addiction.
The present study has several limitations. First, it draws upon a convenience sample (searchable PowerPoint text) that may not capture other forms of education and learning such as small group learning, clinical experiences, or spontaneous discussion. Second, it was limited to the preclinical curriculum and did not extend into clinical clerkships and electives. Third, we relied upon searchable PowerPoint text to characterize curricular content rather than tabulating contact hours as other pain educators have done. This innovative approach to quantifying content may not capture the interconnectivity between concepts (if any) presented during the lectures.
Conclusion
We found four fundamental problems with the current undergraduate medical education on pain at TUSM. First is fragmentation due to an absence of a coherent viewpoint about pain. Pain appears as a symptom of other diseases multiple times during lectures, but pain as an intersubjective experience is rarely presented in either the preclinical or clinical years. Pain is rarely depicted as a multidimensional process experienced by the individual that influences, and is influenced by, societal, cultural, and psychological factors. Second, pain is never presented in the TUSM curriculum as a disease entity per se. Third, pain is given insufficient attention in the curriculum in relation to its medical and societal burden. Fourth, there are areas in the curriculum where a stronger competency-based education approach (including interprofessional aspects) could be implemented in order to maximize the practical relevance of prelicensure medical education. Similar shortcomings have been identified by other medical educators in their accounts of pain-related curricular reform efforts in North America [4, 5, 7] . This detailed inventory and deconstruction provide a clear starting point for subsequent curriculum-based efforts to better convey relational aspects of clinical pain assessment [13, 28] and treatment [29] , as well as intrinsically population-based issues such as inequities in pain care attributed to socioeconomic disparities or racial and ethnic factors [30] [31] [32] .
